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CQ Inc., a wholly-owned subsidiary of the Electric Power
Research Institute (EPRI), performed a Coal Cleanability
Characterization on 150 tons each of Illinois No. 2, 3, and 5
Seamn coals. Coal for this test program was purchased from
Jader Fuel Company’s Jader No. 4 Mine located in Gallatin
County, Illinois. The work was performed in carly 1991 as
part of a Clean Coal Technology project sponsored by the
Department of Energy and the Electric Power Research
Institute. The objective of the project is to develop a
sophisticated computer model, the Coal Quality Expert, that
will help to reduce power plant emissions and power
production costs.

The project is a logical and essential extension of extensive
R&D performed in the past under sponsorship of EPRI and
the Department of Energy (DOE). The 42-month project,
managed by CQ Inc. and ABB Combustion Engineering
Systems Division, will demonstrate the economic and
environmental benefits of coal cleaning to enhance the use of
U.S. coals for electrical power generation. The work falls
under DOE’s Clean Coal Technology Program in the
category of "Advanced Coal Cleaning.”

The main objectives of this project are to:

*  Enhance EPRI’s Coal Quality Information System
database and Coal Quality Impact Model to allow
confident assessment of the eftect of cleaning on
specific boiler cost and performance.

*  Deveiop and validate a computer workstation, calied
the Coal Quality Expert, which allows accurate and -
detailed predictions of coal quality impacts on total
power plant capital cost, operating cost, and
performance based on inputs from inexpensive bench
fests.

The project consists of seven tasks:

Task 1: Project Management

Task 2: Coal Cleanability Characterization

Task 3: Pilot-Scale Combustion Testing
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Coal Cleanability Characterizations are
compnised of five segments:

Raw Coal Characterization
impurities Libaration Testing
Laboratory Froth Flotation
Commerciol-scale Flowsheet

Testing

. Combustion Characteristics
Comparison

Results

Task 4: Utility Boiler Field Testing

Task 5: CQIM Completion and Development of CQE
Specifications

Task 6: CQE Development
Task 7: CQE Workstation Testing and Validaton

CQ Inc. owns and operates the Coal Quality Development
Center (CQDC), located 50 miles east of Pittsburgh,
Pennsylvania. One portion of the research and development
at CQ Inc. involves such characterizations, which determine
a coal’s response to cleaning as defined by a five-part test
program.

The raw-coal characterization shows that the Illinois No. 2,
3, and 5 Seam coals are all high volatile A bituminous coals.
Slagging indices for the Illinois No. 2, and 5 Seam coals
were severe while the slagging index for the Illinois No. 3
Seam coal was high. The fouling indices for the Illinois No.
2, and 3 Seam coals were low while the slagging index for
the Illinois No. 5 Seam coal was medium. SO, emissions
potentials for Illinois No. 2, 3, and 5 Seam coals were 8.26
Ib/MBtu, 7.33 Ib/MBtu and 7.77 |b/MBtu, respectively.
The ash loadings for the Illinois No. 2, 3, and 5 Seam coals
were 11.23 Ib/MBwu, 17.88 Ib/MBtu, and 13.80 Ib/MBm,
respectively.

No great amount of impurities liberation occurred in any of
the raw coals untl they were crushed to 28 mesh. The coal
cleaning evaluation shows that cleaning can improve the -
quality of a blend of Illinois No. 2, 3, and 5 Seam coals but
with moderate yield (71-80 percent) and only moderate
energy recovery (81-91 percent). Moveover, even though
coal quality can be improved with cleaning, the SO,
potential cannot be reduced below the 1.2 1bs/MBru
requirement of the 1990 Clean Air Act Amendments
because of the high organic sulfur (1.64-1.96 percent on dry
basis) still contained in the clean coal. Cleaning the raw coal
blend reduced the slagging index classification from a
classification of severe to medium. The fouling index was
virtually unchanged from 0.17 to 0.11 in Test 1, from 0.11
to 0.10 in Test 2.
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The data from this characterization will be incorporated into
two of the more than 20 software models and databases that
will be integrated to form the Coal Quality Expert:

*  EPRYs Coal Quality Information System (CQIS), a
database of coal characteristics and cleaning potential.

*  The Quality Impact Model (CQIM), a commercial

program that gives the bottom-line cost of burning a
given coal in a particular boiler.
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INTRODUCTION

Barge Unloading Dock at Watson
Station. Barges corry clean coal down
the Mississippi Power Company’s Watson
Station.

Watson Generating Station Test
Program

CQ Inc.’s Coal Quality Development Center (CQDC) is a
25-tph commercial-scale coal cleaning facility involved in the
development and demonstration of coal cleaning processes
and systems. It provides utilities with information that
allows a realistic evaluation of various coal supply options.
The CQDC also characterizes important coal seams for their
raw coal quality characteristics and amenability to cleaning.

For the Coal Quality Expert (CQE) project, which is
developing a complex, integrated expert system to accurately
determine the performance and emissions costs of coal-fired
power generation, CQDC engineers characterized the
Illinois No. 2, 3, and 5 Seam coals from Jader Fuels’s Jader
No. 4 Mine in Gallatin County, Illinois. Currently, these
seams of coal are cleaned individually at the Jader Fuels
Company’s preparation plant located near the surface mine.
The preparation plant consists of a coarse coal jig for
cleaning coarse material and a water-only cyclone for
cleaning the fine size material. Individual cleaned coals are
then blended together on an approximately equal basis with
a slightly larger percentage of No. 2 Seam coal before
shipping to Mississippi Power Company’s Watson
Generating Station in Gulfport, Mississippi.

For this study 150 tons each of the Illinois No. 2, 3, and §
Seam coals were purchased from Jader Fuels. The
characterization, which was performed in March and April
1991, had two major objectives:

*  To determine the extent to which crushing the raw coal
liberates ash-forming minerals, including pyritic sulfur.

* To determine the extent to which this coal can be
economically cleaned.

Mississippi Power Company’s Watson Generating Station is
one of six host utilities involved in the CQE project.
Watson Generating Station in the past has supplemented the
Illinois blended coal with a West Kentucky No 11 Seam
coal from Island Creek Coal Company but experienced
slagging and fouling problems when burning the West
Kentucky No. 11 Seam coal. Because the Illinois seam
blend has very similar properties and does not experience
any slagging and fouling problems, the Illinois Seam blend
was chosen as the base coal for the CQE ficld tests. Full-
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Mississippi Power Company’s Jack
Watson Steam Plant in Fulgport,
Misslssippi. This is the site of CQE's
second field test,

€Q Inc. Investigations

scale test burns on Unit No. 4 at Watson Generating Station
were performed to compare West Kentucky No. 11 Seam
coal with the base Illinois coal blend to determine the cause
of slagging and fouling when firing West Kentucky No. 11
coal.

The CQ Inc. raw coal characterization and cleaning tests also
helped to determine what caused the slagging and fouling
and to what extent cleaning reduces the potental for
slagging and fouling. For this project two flowsheet tests
were performed to investigate the effect of levels of cleaning
on slagging and fouling. One tlowsheet produced a highly
clean coal and the other flowsheet produced a coal not as
clean as the commercially cieaned coal used at the Watson
Generating Station.

For this test program, CQ Inc. engineers followed EPRI’s
Coal Cleanability Characterization procedures. EPRI
developed the concept of coal characterizations in 1983 and
since then over 35 coals have been tested using this set of
procedures. To date over 100 raw and clean coal data sets
have been obtained for EPRT’s Coal Quality Information
System (CQIS). The CQE project has provided the
opportunity to expand CQIS with data on coals from new
geographic areas and/or coals that can cause and/or prevent
problems at power plants.

Table 1 summarizes the CQ Inc. investigations conducted

for this test program and the information determined by
each one.
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Table 1. Investigations and Determinations.

Investigations

Determinations

Nature of Study

RAW.COAL . Row-Coal Quality Loboratory Analysis
CHARACTERISTICS . Coal Rank
. Size Distribution
. Washability Analyses
IMPURITIES LIBERATION . Reduced Size Distribution Loboratory Analysis
POTENTIAL . Additional Ash and Sulfur Liberation
. Theoretical Quality
Versus Yield Relationship
LASBORATORY FROTH . Fines Floatability Laboratory Analysis
FLOTATION TESTING . Possible Quolity
Y Reuasonable Reagent Requirements
CQDC COAL-CLEANING . Actual Yield and Quaolity 25 tph
EVALUATION Production Commercial-Scale
. Refuse Quolity Cleaning Plant
and Characteristics
COMBUSTION . Raw Versus Clean Quality Laboratory Analysis and
CHARACTERISTICS . Changes in Slagging Potential Theoretical Calculations
COMPARISON . Changes in Fouling Potential
. Changes in Grindobility

Changes in Moisture
ond Heating Value
Change in SC, Emission Potential

3 CQ Inc.
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GENERAL TESTING _
METHODOLOGY AND RESULTS

Raw-Coal Characterization

The five segments of a Coal Cleanability Characterization
provide data for a Coal Quality Information System entry.
EPRI’s Coal Quality Information System (CQIS) is a coal-
quality database that utilities can use to determine the best
available coal to burn in their plants, given their plant
characteristics, location, and emissions limits. CQIS includes
raw-coal and clean-coal characterizations, liberation data, and
combustion characteristics for the more than 35 coals tested
at CQ Inc.’s Coal Quality Development Center (CQDC).
Other public information is also being sought for
incorporation into the database. CQIS has blending,
search/sort, and graphics capabilities.

For this test program, there were two flowsheet tests to
determine the extent that impurities can be removed from a
blend of Tllinots 2, 3, and 5 Seam coals.

Characterization of the as-received raw coal provides
information that can be used to compute slagging and
fouling indices and other ash parameters of interest in power
plant operations. It also provides the theoretical yield-
quality relationships needed to determine improvements
achieved by cleaning.

A raw coal sample of approximately seven tons was collected
of each Illinois Seam coal at the CQDC primary sampler.
Each sample was split into two subsamples. One split was
used for raw-coal analysis and the other for liberation
testing. Table 2 gives the raw coal analysis performed for
each seam.

Tables 3 and 4 give the raw coal and raw coal ash analyses,
respectively. Calculated indices indicate that the Illinois

No. 2 and No. 5 raw coals both have a severe slagging
potential and the Illinois No. 3 raw coal has a high slagging
potential. Calculated indices show that the Illinois No. 2
and 3 fouling potentials are both low and the fouling
potential of Illinois No. 5 is medium. All three raw coals
arc high volatile A bituminous coals per ASTM Standard D-
388. Raw coal sizes and composite washability analyses for
each coal are given in Tables 5 through 10.

The raw-coal characterization, as expected, shows decreasing

coal quality with increasing specific gravity. The results of
the detailed washability for each seam are shown in
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Table 2. Raw-Coal Characterization. (As-Received Sample)

Proximate, Sulfur, Biu*

Ultimate

Sulfur Forms

Ash Fusion {reducing and oxidizing)
Ash Composition

Grindability Index {(HGI}

Chlorine

XKoo oM ¥ oM X X

Size Analysis
+3-in
3-iinx 1 1/2-in
1 1/2-inx 3/4-in
3/4-in x 3/8-in
3/8-in x 28 mesh
28 mesh x 100 mesh
100 mesh x 200 mesh
200 mesh x 0

X o X X X X X X

Ash, sulfur, Btu* on each size fraction x
Float/sink each size fraction at 1.25, 1.30,
1.35, 1.40, 1.60, 1.80, 2.0, 2.45 X

Ash, sulfur, Biu* on each size/gravity fraction x

* Heating Value [Btu/lb) - dry basis
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Table 3. Raw Coal Analysis. lliinois No. 2, 3, ond 5 Seam Coals, Gallatin County, Hllinois.

illinois

Hlinois

llinois

Raw Coaf 2 Raw Coal 3 Raw Coal 5
PROXIMATE ANALYSIS
(As-received Basis/Ory Basis)
Ash (Wi%) 13.0/14.5 19.1/20.7 15.4/16.8
Volatile Matter (Wt3%) 30.5/33.8 30.2/32.7 32.0/35.0
Fixed Carbon (Wt%) 46.6/51.7 42.9/46.5 44.1/48.1
~. Total Moisture [Wi%%) 2.9 7.9 8.5
Total Sulfur 4.75/5.27 3.92/4.25 4.34/4.74
Pyritic Sulfur (W1%) 3.28/3.64 2.51/2.73 2.71/2.96
Pyritic/Total (%) 69.1 64.2 62.4
Sulfate [W1%) 0.18/0.20 0.14/0.15 0.09/0.10
Organic (Wi%) 1.29/1.43 1.27/1.37 1.54/1.68
Heating Value {Btu/Ib) 11,507/12,766 10,684/11,596 11,163/12,194
MAF Heating Value (Btu/Ib) 14,922 17,238 14,6672
Chlorine 0.28/0.31 0.34/0.36 0.26/0.28
SO2 {Ib/MBiu) 8.26 7.33 7.77
Hardgrove Grindability
index (HG1) 62 56 61
ULTIMATE ANALYSIS
{As-received Basis/Dry Basis)
Carbon [Wt%) 62.80/69.67 59.7/64.8 61.9/67.7
Hydrogen (Wi%) 4.04/4.48 42/4.6 4.5/4.7
Nitrogen (W1%) 1.18/1.31 1.1/1.2 1.1/1.2
Oxygen (Wt%) 4.34/4.82 4.2/4.5 4.5/4.9
ASH FUSIBILITY (deg F)
{Reducing/Oxidizing)
Initial Deformation 1960/2515 2015/2435 1985/2285
Softening 2000/2550 2030/2480 2040/2340
Hemi-Spherical 2130/2570 2100/2515 2120/2400
Fluid 2300/2580 2240/2555 2200/2435
6 CQ Inc. * Project No. 90D0101-03 * July 31, 1992



Table 4. Raw Coal Analysis of Ash, liiincis No. 2, 3, and 5 Seam Coals, Gallatin County, llinois. (Dry basis}

Iinois No. 2 Winois No. 3 IMinois No., 5
Raw Coal Row Coal Raw Coal
Proportion of: Propartion of: Praportion of:
ASH COMPOSITION Dry Dry Coal Dry  Drey Coal Dry  Dry Coal
(Expressed as Oxides) Ash{%] (%] {lb/MBiu} Ash{%) (%) (Ib/MBtu) Ash(%) %) {lb/MBiu)
Si02 42.39 6.13 4.80 4478 9,28 8.01 38.89 6.55 5.37
_AI203 15.45 2.23 1.75 20,20 419 3.61 1215 2,04 1.68
Fe203 34.57 500 3.91 23.53 4.88 4.21 25.84 435 3.57
CaO 1.55 0.22 0.18 4.61 0.96 0.82 7.37  1.24 1.02
MgQO 0.76 0N 0.09 1.39 0.29 0.25 3.29 055 0.45
Na20 017 002 0.02 0.3} 0.06 0.06 0.58 0.0 0.08
K20 1.62 0.23 0.18 2.05 0.42 0.37 1.57 0.26 0.22
TiQ2 0.80 0.12 0.09 097 020 0.17 060 010 0.08
MnQO?2 0.03 0.00 0.00 .07 001 0.01 019 0.03 0.03
P205 0.83 012 0.09 0.40 0.08 0.07 0.00 000 0.00
S03 1.27 0.8 0.14 2.65 055 0.47 7.49 126 1.03
Unknown 0.5¢ (.08 0.06 -0.96 -0.20 -0.17 2.03 Q.34 0.28
100.00 14.45 11.32 100.00 20.73 17.88 100.00 1683 13.80
CALCULATED INDICES
Silica Ratio 0.53 0.60 0.52
Bose-To-Acid Ratio 0.66 0.48 0.75
Ash (Ib/MBtu) 11.3 17.9 13.8
Slagging Index {Rs) 3.48 2.06 3.5%
Classification SEVERE HIGH SEVERE
Fouling Index {Rf) on 0.15 0.43
Classification LOW LOW MEDIUM
Critical Viscosity -
Temperature (deg F) 2411 2170 2950
Slag Viscosity * (Poise)
at 2,300 deg F 169 3%0 88
at 2,600 deg F 18 44 14

* Calculated values; ash viscosity data was not experimentally determined.

Slagging Index Classification Fouling Index Classification
Low Rs < 0.6 Low Ri < 0.2
Medium 06 < Rs < 2.0 Medium 0.2 < Rf <0.5
High 20< Rs < 2.6 High 0.5 < Rf<1.0
Severe 26 < Rs Severe 1.0< Rf

7 CQ Inc. « Project No. 90DO10I-03 « July 31, 1992



Table 5. Raw-Coal Size Analysis. lilinois No. 2 Seam Coal, Gallatin County, Hlinois.

Size Direct Cumulative

Heating Heating

Weight Ash Sulfur Valuve Weight Ash Sulfur  Value

Passed _Retained (Wt %] (Wt %} fwt %] {Btu/lb} (Wt %) (Wt %} (Wt %] (Btu/lb)
3-in 2.20 26.68 13.78 10,413 2.20 26.68 13.78 10,413

3-in 1 1/2-in 3.96 19.69 10.27 11,884 6.16 229 11.53 11,358
1 1/2-in 3/4-in 23.97 12.40 6.05 13116 30.13 14.40 77 12,757
3/4-in 3/8-in 22.24 11.06 4.62 13,384 52.37 12.98 6.09 13,023
3/8-in 28M 36.49 15.06 4.54 12,586 88.87 13.84 5.45 12,843
28M 100M 574 15.92 4.3¢9 12,243 94.60 13.96 5.3¢9 12,807
100M 200M 1.17 26.49 6.69 10,448 95.78 14.12 5.40 12,778
200M 4,22 25.89 4,46 10,679 100.00 14.62 5.36 12,689

Table 6. Raw-Coal Composite Washability Analysis. illinois No. 2 Seam Coal, Gollatin County, lilinois.

Specific Gravity Direct Cumvulative Float
Heating Heating
Weight Ash Sulfur Value Weight Ash Sulfur Value
Sink Float (Wi %) (Wi %) (W1t %) {Btu/Ib) {Wt %) (Wt %) (Wit %) {Btu/lb)
1.250 1.67 2.63 1.86 14,684 1.67 2.63 1.86 14,684
1.250 1.300 38.60 4.44 2.1¢9 14,419 40.27 4.36 2.18 14,430
1.300  1.350  29.07 7.93 2.95 13,849  69.34 5.86 2.50 14,186
1.350 1.400 9.17 12.26 423 13,072 78.51 6.61 2.70 14,056
1.400  1.600 7.44 17.06 5.56 12,229 8595 7.51 2.95 13,898
1.600  1.800 2.1 23.83 7.88 10,868 88.07 7.90 3.07 13,825
1.800 2.000 0.89 36.28 13.08 8,577 88.96 8.1¢9 317 13,773
2.000  2.450 2.09 55.62 15.96 5,385 91.06 9.28 3.4% 13,580
2.450 8.93 72.75 22.84 2,438 99.99 14.95 5.19 12
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Table 7. Raw-Coal Size Analysis. illinois No. 3 Seam Codl, Gallatin County, lliinois.

Size Direct Cumulofive
Heating Heating
Weight Ash Sulfur Volue Weight Ash Sulfur  Value
Passed  Retoined (W1 %) (Wt %) (Wt %) {Btu/lb) Wt %) {Wt %) (Wt %)  (Btu/lb}
3-in 4.80 27.33 5.67 10,459 4.80 27.33 5.67 10,459

3-in 1 1/2-in 217.48 20.56 4.68 11,754 26.28 21.80 4.86 11,517
11/2-in 3/4-in 2671 18.43 3.92 12,102 52.99 20.10 4.39 11,812

3/4-in 3/8-in 22.56 20.09 3.81 11,780 75.55 20.10 4.21 11,803
3/8-in 28M 20.56 26.33 3.97 10,723 96.11 21.43 4.16 11,572
2BM 100Mm 2.14 2475 4.12 10,893 98.25 21.50 4.16 11,557
160M 200M 0.63 27.97 5.15 10,332 98.88 21.54 417 11,549

200M 1.12 31.80 4.81 9,795 100.00 21.66 417 11,529

Table 8. Raw-Coual Composite Washability Analysis. liinois No. 3 Seam Coal, Gollatin County, lllinois.

Specific Gravity Direct Cumulative Float
Heating Heating
Weight Ash  Sulfur Value  Weight Ash Sulfur Value
Sink Float (Wi %} (Wt %6} (W1 %] (Btu/Ibj} Wit %) (Wit %} (Wt %] {Biu/ib}
1.250 0.16 3.12 1.38 14,55) 0.16 3.12 1.38 14,551
1.250  1.300 17.15 5.08 1.83 14,321 17.30 5.06 1.83 14,323
1,300  1.350 35.57 8.43 2.51 13,794 52.87 7.33 2.29 13,967
1.350 1.400 16.13 12,25 3.72 13,140 4$9.00 8.48 2.62 13,778
1.400  1.600 1.27 18.25 554 12,081 80.26 9.85 3.03 13,540
1.600 1.800 2.69 34.83 7.05 9,089 82.96 10.66 .16 13,396
1.800 2.000 1.81 46.25 7.50 6823 84.77 11.42 3.25 13,255
2.000  2.450 4.33 69.75 6.47 2,576 89.10 14,26 3.4 12,736
2.450 10.90 80.74 9.89 1,189 100.00 21.50 4.12 11,478
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Table 9. Raw-Coal Size Analysis. illinois No. 5 Seam Coal, Gallatin County, Hinois.

Size Direct Cumulative

Heating Heating

Weight Ash Sulfur Valve Weight Ash Suifur Value

Passed _Retained (Wt %) (Wit %) (Wt %) {Btu/lb) (Wt %} (Wt %} (Wt %) (Btu/lb)
3-in 10.26 16.07 7.13 12,294 10.26 16.07 7.3 12,294

3-in 1 1/2-in 11.85 15.20 5.90 12,428 22.10 15.61 6.47 12,366
1' 1/2-in 3/4-in 28.42 12.99 4.80 12,965 50.52 14.13 5.53 12,703
3/4-in 3/8-in 16.45 14.11 4.45 12,733 66.97 14.13 5.27 12,711
3/8-in 28M 21.78 20.78 4.67 11,662 88.75 15.76 5.12 12,453
28M 100Mm 4.9 22.49 5.04 11,213 93.67 16.11 5.12 12,388
100M 200Mm 1.52 31.35 5.32 9,543 95.19 16.36 512 12,343
200M 4.81 40.99 3.3¢ 8,159 100.00 17.54 5.04 12,141

Table 10. Row.-Coal Composite Washability Anolysis. lllinois No. 5 Seom Cool, Gollatin County, Winois.

Specific Gravity Direct Cumvulative Float
Heating Heating
Weight Ash Sulfur Value Weight Ash Sulfur Value

Sink Floot (Wt %) (Wt %) (Wt %) (Biu/lh) (Wt %) (Wt %] Wt %) (Btu/lb)

1.250 1.09 3.71 2,28 14,400 1.09 N 2.28 14,400

1.25¢  1.300 27.77 4.15 2.45 14,365 28.86 4.13 2.44 14,366
1.300 1.350 33N 9.39 2.92 13,541 62.57 6.96 2.70 13,922

1.350 1.400 11.30 14.01 3.87 12,780 73.87 8.04 2.88 13,747

1.400  1.600 8.52 1917 6.03 11,686 82.39 2.19 3.21 13,534

1.600 1.800 3.8% 28.95 7.98 9,817 86.28 10.08 3.42 13,366

1.800  2.000 2.44 39.91 10.94 7,685 88.73 10.91 3.63 13,210

2.000 2.450 2.92 51.88 15.29 5,624 21.65 12.21 4.00 12,968

2.450 8.35 73.70 16.71 2,131 100.00 17.34 5.06 12,063

10 CQ Inc. *+ Projecs No. 90D0101-03 = July 31, 1992



Impurities Liberation Potential

{llinois No. 2 Seam Coal

Figures 1 through 3 for yield, ash, and sulfur versus
cumnulative float specific gravity, respectively. The complete
set of washability data for each seam is given in Appendix A.
The yield curves are relatively flat above specific gravities of
1.60, showing that as these coals are cleaned at specific
gravities down to 1.60, expected ash content can be lowered
at a slight decrease in yield. At low specific gravites, less
than 1.40, ash and sulfur decrease greatly, but at the expense
of yield.

Ash fusibility and ash composition analyses were also
conducted on the raw coal of each secam and the clean coal
produced from an equal blend of these three seams using
two flowsheet tests. These analyses provided the data for
comparing calculated combustion parameters for the raw
coal with the cleaned coals.

Impurities must first be freed from the combustible coal
mass before they can be removed by physical coal cleaning
processes. Crushing the coal to finer topsizes makes it
possible to increase impurities liberation and consequently
impurities removal during cleaning.

In this program samples of the Illinois No. 2, 3, and 5 Seam
as-received raw coals were analyzed thoroughly for their
physical and chemical properties. Complete size and
washability analyses were performed on cach seam to
determine the existing, or as-received, state of liberation. A
sample split was also prepared in the laboratory and crushed
to topsizes of 1-1/2-in., 3/4-in., 3/8-in., 28 mesh, and 100
mesh. These samples underwent size and washability
analyses to determine the impact of crushing on the - -
impurities liberation and the yield-quality relationship. The
washability analyses for these samples are given in

Appendix A.

As shown in Figures 4 and 5, there is no improvement at
ash levels greater than eight percent when crushing to
smaller topsizes. At ash levels less than eight percent there

is a slight improvement in the yicld or the cnergy recovery
versus ash relationship when crushed to smaller topsizes with
greater improvements resulting in crushing smaller than 28
mesh topsize. This indicates that some ash-forming minerals
were liberated by crushing. The yield or energy recovery
versus sulfur relationships in Figures 6 and 7 show there is
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illinois No. 3 Seam Coal

Hlinois No. 5 Seam Codl

no improvement in sulfur content greater than 2.75 percent
when crushing to smaller topsizes. For the Illinois No, 2
Seam coal the crushed 3/4-in. topsize was not reported
because of obvious laboratory error in the data reported and
there was not enough material to recheck the data.

As shown in Figures 8 and 9, there is no improvement at
ash levels greater than ten percent when crushing to smaller
topsizes. At ash levels less than ten percent there is a slight
improvement in the yield or the energy recovery versus ash
relationship when crushed to smaller topsizes with greater
improvernents resulting in crushing smaller than 28 mesh
topsize. This indicates some ash-forming minerals were
liberated by crushing. The yield or energy recovery versus
sulfur relationships in Figures 10 and 11 show a slight
improvement in all sulfur levels when crushing to smaller
topsizes with greater improvement being made when
crushing to 28 mesh and smaller.

As shown in Figures 12 and 13, there 15 no improvement at
ash levels greater than nine percent when crushing to smaller
topsizes. At ash levels less than nine percent there is a slight
improvement in the yield or the energy recovery versus ash
relationship when crushed to smaller topsizes with greater
improvements resulting in crushing smaller than 28 mesh
topsize. This indicates some ash-forming minerals were
liberated by crushing. The yield or energy recovery versus
sulfur relationships in Figures 14 and 15 show a slight
improvement in all sulfur levels when crushing to smaller
topsizes.

The sultur level remains relatively high in all three seams, -
indicating pyritic sulfur is liberated through crushing but the
organic sulfur, as expected, is not. Any liberation caused by
crushing leads to higher possible yields at any quality level.
However, the benefits of this increased yicld may not be
found in practice since cleaning efficiency tends to fall with
particle size. Also, finer clean coal is likely to have a higher
moisture content that will negate some of the benefits of
increased liberation. The handleability of the coal also
becomes a concern when dealing with fine sizes.
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Laboratory Froth Flotation
Testing

Laboratory froth flotation testing was individually performed
on each coal seam in a WEMCO 3.5 liter laboratory
flotation cell equipped with an automatic skimmer. In the
test programs laboratory froth flotation work was performed
on raw coal crushed to 100 mesh. Laboratory froth
flotation work was limited to this size fraction because of
parallel work also being done on this coal using advanced
cleaning methods that crush coal to very fine sizes (minus
200 mesh). The investigation was conducted on each seam
of raw coal at a five weight percent solids concentration.
Other operating conditions of this testwork are given at the
bottom of Tables 11 through 13. A total of 14 tests were
performed on each coal at various frother (MIBC) and
collector (No. 2 fuel oil) dosages. Froth concentrates (clean
coal} were collected over a time interval of 240 seconds.
Each concentrate was dried, weighed, and analyzed for ash,
sultur, and Btu content. The results of these analyses are
shown in Tables 11 through 13.

Test results on the Illinois No. 2, 3, and 5 Seam coals show
that with the addition of a collector, such as No. 2 fuel oil
and with dosages of frother greater than 0.25 lbs per ton,
yield increases at an increased ash and sulfur content. The
first three tests for each coal scam show that collector is
required to tloat these coals, unless high dosages of frother
(+0.75 Ibs. per ton of feed) arc used. This is indicated by
poor yield and ash reduction when no collector and low
frother dosages were used. Tables 11 through 13 generally
show that as dosages of trother (MIBC) and collector
increased, yield increased, but at the expense of higher ash
and sulfur content. Optimum dosage of frother and
collector for Illinois No. 2 seam coal is around 0.50 to 075
Ibs. of trother and 0.50 to 1.00 Ibs. of collector per ton of
feed. Reagent dosages at these levels produced clean coal at
90-94 percent Btu recovery, 9.0-9.5 percent ash content, and
3.8-4.3 percent sulfur at a cost of $0.35-0.55 per ton of
feed. For the Illinois No. 3 and 5 coals the optimum
dosage of frother and collector is around 0.50 to 0.75 Ibs.
frother and 0.50 to 2.00 Ibs. of collector per ton of feed.
Reagent dosages at these levels produced clean coal from the
IHlinois No. 3 Seam coal at 92-95 percent Btu recovery,
11.5-12.0 percent ash content, and 3.2-3.5 percent sulfur at
a cost of $0.35-0.65 per ton of feed. Reagent dosages at
these levels produced clean coal from the Illinois No. §
Seam coal at 83-88 percent Bru recovery, 10.0-10.6 percent
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Table 11. Laboratory Froth Flotation Results. For fines from crushed to 100M raw coal, 100M x 0 size fraction.
llinois No. 2 Seam Coal (Dry Bosis).

Reagent Dosoge

{ib/1} Quuality ) Performance
No. 2 Total Combustibles  Ash Sulfur Ash®
Test MIBC Fuel Qil Ash Sulfur Yield Recaovery Removal Removal Separation
No. Frother Collector  Stream Wi %] (Wi %) (Wt %) {%] (Wt %) (Wr% Efficiency
Feed 14.5 5.10 100.0 100.0 0.0 0.0 0.0
{all tests)
1 025 0.00 Cleon Codl 11.5 4.26 241 24.9 81.0 79.9 6.0
Refuse 15.6 5.4 75.9
2 025 000 Clean Coal 7.9 3.58 42.4 45.7 771 70.3 22.7
Refuse 19.4 6.2 57.6
3 075 0.00 Clean Coal 7.8 3.55 64.5 69.6 65.3 55.% 34.9
Refuse 26.8 7.9 35.5
4 025 050 Clean Cool 5.7 2.93 17.7 19.5 93.0 89.8 12.5
Refuse 16.4 54 82.3
5 050 0.50 Clean Ceal 8.4 3.83 75.7 81.2 56.4 43.1 37.6
Refuse 338 2.1 24.3
6 075 0.50 Cleon Cool 2.1 3.89 84.4 89.8 47.4 35.7 37.2
Refuse 441 11.6 15.6
7 025 1.00 Clean Coal 7.3 3.45 51.5 55.9 74.1 65.2 30.0
Refuse 22.2 6.9 48.5
8 050 1.00 Clean Cool 9.2 4.26 88.3 93.8 44.3 26.3 38.1
Refuse 549 11.4 11.7
2 075 1.00 Cleon Coal 9.5 4.08 87.2 92.3 42.9 30.2 35.2
Refuse 48.8 12.1 12.8
10 0.25 2.00 Clean Coal 7.4 3.51 69.5 75.3 64.6 52.2 39.9
Refuse 30.8 8.7 30.5
11 0.50 200 Clean Coal 8.7 3.87 83.4 89.0 499 356.8 38.¢9
Retuse 436 113 16.7 : -
12 075 2.00 Cleon Coal 9% 4.48 20.6 24.8 38.7 21.0 33.5
Refuse 56.0 106 10.0
13 0.50 1.00 Clean Coal 9.4 415 87.7 93.0 43.0 28.6 356.0
Refuse 51.0 1.9 12.3
14 0.50 1.00 Clean Codl 2.1 414 87.9 93.5 453 28.6 38.8
Refuse 544 12 121

* Ash Efficiency = Combustibles Recovery - (100 - Ash Removal)

Notes: -

-- The tests used an WEMCO 3.5-liter laboratory flotation cell with an automatic skimmer.

-- Standard Test Conditions:
Solids (Wt %] 5 Wetting Time {min} 10 Rotor Speed (r/m} 1,200 Conditioning Time {m:s}  2:00
Slurry pH 46-8 Aergation Rate {scfm) 35 Skimmer Speed (r/m) 20 Collection Time (m:s) 4:00
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Table 12. Laboratory Froth Flotation Results. For fines from crushed to 100M raw coal, 100M x O size fraction.
Hlinois No. 3 Seam Coal (Dry Basis).

Reagent Dosage

{Ib/1) Quolity Performance
No. 2 Total Combustibles  Ash Sulfur Ash*
Test MIBC Fuel Ol Ash Sulfur Yield Recovery Removal Removal Separation
No. Frother Collector  Stream (Wit %} (Wit %) W1 %) (%) (Wt%) (wt%) Efficiency
Feed 19.0 410 100.0 100.0 " 0.0 Q.0 0.0
(all tests)
1 0.25 0.00 Clean Coal 10.4 2.89 39.9 44,1 78.2 7.9 22.3
Refuse 24.7 4.9 60.2
2 050 000 CleanCoal 126 3.19 &£5.2 70.3 56.7 49.3 27.1
Refuse 30.9 5.8 34.8
3 075 0.00 Clean Coal 11.2 3.7 81.9 89.7 51.7 36.7 41.4
Refuse 54.% 8.3 18.1
4 025 0.50 Clean Coal 11.5 3.14 54.4 59.4 66.9 58.4 26.3
Refuse 27.8 5.2 45.6
5 0.50 0.50 Clean Ceal 10.6 3.09 80.3 88.6 55.3 395 43.9
Refuse 53.2 8.2 19.7
6 075 0.50 Clean Coal 11.6 3.27 85.8 3.6 47.7 31.6 41.3
Refuse 63.7 ¢.1 14.2
7 0.25 1.00 Clean Coal 9.9 2.98 70.7 78.6 63.1 48.6 41.7
Refuse 40.9 6.8 29.3
8 0.50 1.00 Clean Cocl 10.0 3.04 76.4 84.8 598 43.4 44.6
Refuse 48.0 7.5 23.6
9 075 1.00 Clean Coal 11.6 3.25 85.1 92.8 481 32.6 40.9
Refuse 61.0 8.9 15.0
10 0.25 2.00 Cleon Coal 10.5 3.1 73.1 80.8 59.6 44.5 40.4
Refuse 421 6.8 269
11 0.50 2.00 CleanCoal 120 3.46 87.7 95.3 44.6 26,0 39.9
Refuse 69.0 8.7 12.3 - -
12 Q.75 2.00 Clean Coal 13.4 3.55 88.7 ¢4.8 37.5 23.2 32.4
Refuse 62.9 8.4 11.3
13 0.50 1.00 Clean Coal 9.8 2.95 76.6 85.3 60.5 44,9 45.8
Refuse 49.1 7.9 23.4
14 0.50 1.00 Clean Coal 10.0 2.98 76.3 84.8 59.9 44.5 44,7
Refuse 48.0 7.7 23.7

* Ash Efficiency = Combustibles Recovery - {100 - Ash Removal}

Notes: .

-- The tests used an WEMCO 3.5-liter laboratory flotation cell with on automatic skimmer.,

-- Standard Test Conditions:
Solids (Wt %) 5 Wetting Time (min) 10 Rotor Speed (r/m) 1,200 Conditioning Time {m:s}  2:00
Slurry pH 46-8 Aeration Rate (scim) 35 Skimmer Speed (r/m} 20 Collection Time (m:s) 4:00
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Table 13. Laboratory Froth Flotation Results. For fines from crushed to 100M raw coal, 100M x O size fraction.
Hlinois No. 5 Seam Coal (Dry Basis).

Reagent Dosage

(b _ Quality Performance
No. 2 Total Combuystibles  Ash Sulfur Ash*
Test MIBC Fuel Ol Ash Sulfur Yield Recavery Removal Removal Separation
_No. Frother Collector  Stream (Wt %) _(Wi%) Wt %) {%) (W1 %) (Wi %) Efficiency
Fead 17.2 4.83 100.C 100.0 0.0 Q.0 0.0
{all tests)
1 025 000 Clean Coal 6.4 2.7 25.5 28.8 0.5 85.7 19.4
Retuse 20.9 5.6 74.5
2 050 0.00 Clean Coal 7.7 2.96 47.9 53.4 78.5 70.6 31.9
Refuse 259 6.6 521
3 075 000 Ciean Coal 9.4 3.18 66.5 72.7 63.6 56.2 36.3
Refuse 32.6 8.1 33.5
4 025 050 Clean Coal 7.4 291 37.3 41.7 83.9 77.5 25.6
Refuse 23.0 6.0 62.7
5 050 050 Clean Coal 9.3 3.23 68.5 75.1 63.% 54.2 38.2
Refuse 34.5 8.3 31.5
6 075 050 CleanCoal 10.6 3.42 81.3 87.7 49.8 42.5 37.5
Refuse 457 109 18.8
7 025 1.00 Clean Coal 8.9 3.25 66.6 73.3 65.7 55.2 39.0
Refuse 33.9 8.0 33.4
8 0.50 1.00 Clean Coal 2.9 3.27 76.3 83.0 56.2 48.4 39.2
Refuse 40.8 9.8 23.7
2 075 1.00 Cleon Coal  10.0 3.30 77.5 84.3 551 47.0 39.5
Refuse 42,2 101 22.5
10 0.25 2.00 Clean Codl 8.6 3.17 59.9 66.1 70.0 60.7 36.1
Refuse 30.0 7.3 40.1
17 050 2,00 CleanCoal 10.6 3.49 77.5 83.7 52.4 44.0 356.0
Refuse 40.0 9.4 22.5 -
12 075 2.00 CleanCodl 11.7 3.54 82.9 88.5 43.8 39.2 32.2
Refuse 441 111 171
13 0.50 1.00 Clean Coal 9.6 3.25 75.1 82.0 58.2 49.5 40.1
Refuse 40.1 9.6 25.0
14 0.50 1.00 Cleon Coal 9.7 3.30 74.7 81.5 57.7 48.9 39.2
Refuse 39.3 9.4 253

* Ash Efficiency = Combustibles Recovery - (100 - Ash Removal}

Notes: ;

-- The tests used an WEMCO 3.5-liter loboratory flotation cell with an automatic skimmer.

-- Standard Test Conditions:
Solids (Wt %) 5 Weiting Time (min) 10 Rotor Speed {r/m) 1,200 Conditioning Time (m:s)  2:00
Slurry pH 6-8 Aeration Rate (scfm) 35 Skimmer Speed {r/m) 20 Collection Time (m:s) 4:00
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ash content, and 3.2-3.5 percent sulfur at a cost of $0.35-
0.65 per ton of feed.

In order to establish the relationships between retention
time and both yield and product quality, froth
concentrations were collected at timed intervals of 0 to 15
seconds, 15 to 30 seconds, 30 to 45 seconds, 45 to 60
seconds, 60 to 120 seconds, and 120 to 240 seconds for
tests that showed a high yield. The flotation time-recovery
curves for the 100 mesh x 0 mesh raw coal tests with high
yield are shown in Figures 16 through 18. For the purpose
of these figures, recovery is defined as the portion of the
total material present in the feed that was recovered in the
concentrate